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METHOD FOR FABRICATING include a quartz substrate and a glass substrate. However, 

SEMICONDUCTOR THIN FILM t° c quartz substrate is expensive and cannot be used in the 

liquid crystal electro-optical device which has a large tech- 
This application is a Division of application Ser. No. nological problem of a cost reduction. Consequently the 
08/536 977; filed Sep. 29, 1995 now U.S. Pat No. 5,789,284. 5 glass substrate is commonly used. However, it has a problem 
* of a low heat resistance. 

BACKGROUND OF THE INVENTION Generally, as the glass substrate used in the liquid crystal 

electro-optical device, Corning 7059 glass substrate is used. 

1. Field of the Invention Thc strajo v ^ n% o{ ^ substrate is 593° C. When the 
The present invention relates to a method for forming a 10 suos trate is heat treated at this temperature or more, the 

silicon semiconductor thin film which has a crystallinity and shrinkage or the deformation of the substrate becomes 
is formed on a substrate having an insulation surface of a conspicuous. In recent years, the liquid crystal electro- 
glass substrate or the like. optical device tends to have a larger area and the shrinkage 

2. Description of the Related Art and the deformation of the substrate must be suppressed as 
In recent years, attention is paid on a technology for 15 much as possible. 

constructing a thin film transistor by using a silicon thin film However, it has been proved in the experiment that a 

which is formed on a glass substrate. This thin film transistor temperature of 600° C. or more is required to crystallize the 

is primarily used in an active matrix type liquid crystal amorphous silicon film by heating. It is also made clear that 

electro-optical device and other thin film integrated circuits. tens of hours are required for beating. A large area glass 

The liquid crystal electro-optical device changes optical 20 SUD stratc cannot be subjected to such high temperature and 

characteristics of a liquid crystal thereby displaying an long hour heating at all. 

image by charging a liquid crystal into a pair of glass Further, a technology of crystallizing the amorphous 

substrates and applying an electric field. silicon film by laser light irradiation is also known. 

In particular, the active matrix type liquid crystal display However, it is difficult as a practical problem to irradiate 
device using a thin film transistor is characterized in that the 25 uniformly a large area with laser light and to irradiate the 
thin film transistor is arranged in each pixel, an electric area while keeping a definite level of irradiation power, 
charge held in a pixel electrode is controlled by using the a» object of the present invention is to solve the aforc- 
thin film transistor as a switch. Since the active matrix type mentioned problems and to provide a technology of trans- 
liquid crystal display device is capable of displaying a fine forming the amorphous silicon film into a crystalline silicon 
image at a high speed, the device can be used in displays for 30 film by heat treatment at an extremely low temperature, 
variouselectronic apparatuses (for example, a portable word | n particular, an object of the invention is to provide a 
processor, and a portable computer or the like). crystalline silicon thin film which is capable of constituting 

As a thin film transistor used in the active matrix type a thin film transistor with a high performance characteristics, 

liquid crystal display device, an amorphous silicon thin film 35 j n accordance with a major aspect of the present 

is commonly used. However, the thin film transistor using " invention, there is provided a method for fabricating a 

the amorphous silicon thin film has the following problems. semiconductor thin film comprising the steps of: 

(1) The liquid crystal thin film transistor has low character- introducing into an amorphous silicon film a metal ele- 
istics and cannot display a higher quality image. mcnl wnich promotcs the crystallization of silicon; 

(2) The liquid crystal thin film transistor cannot constitute a ^ obtainifl § crys talline silicon film by crystallizing the 
peripheral circuit for driving a thin film transistor aforemcnti * ncd amor phous silicon film by heat treatment; 

n!^^ problem can be considered by forming a metal element diffusion film on said crystalline 

dividing the problem into the following two aspects. One silicon film, 

aspect of the problem is that since a P-channel type thin film diffusing the aforementioned metal element into the afore- 

transistor cannot be used for practical purposes with the thin mentioned metal element diffusion film; and 

film transistor using an amorphous silicon thin film, a removing the metal element diffusion film into which the 

CMOS circuit cannot be constituted. Another aspect of the metal element has been diffused. 

problem is that since the thin film transistor using an ] D the aforementioned structure, examples of the amor- 
amorphous silicon thin film cannot be operated at a high SQ phous silicon film include a film which is formed by the 

speed, and a large current cannot flow in the thin film plasma CVD or by the low pressure thermal CVD on a glass 

transistor, a peripheral driving circuit cannot be assembled. substrate or on a glass substrate on which an insulating film 

Means for solving the aforementioned problems include a is formed, 

technology for forming a thin film transistor by using a Further, examples of the metal element which promotes 
crystalline silicon thin film. The methods for obtaining a 55 me crystallization of the aforementioned silicon include one 

crystalline thin film include a method for heat treating an or more y^fe 0 f elements selected from Fe, Co, Ni, Ru, Rh, 

amorphous silicon film and a method for irradiating the q u an d Au. Among these metal elements, the 

amorphous silicon thin film with laser light. mos t effective metal element is nickel (Ni). 

piruUADV „ Tut iM^KrnriM Methods for introducing the metal element which pro- 

SUMMARY OF THE INVENTION ^ mQtcs ^ crys tallization of thc aforementioned silicon 

However, a method for crystallizing an amorphous silicon include a method for providing these metal layers or a layer 

film by heal treatment in the prior art has the following including the metal on the surface of the amorphous silicon 

problem. film. Specifically, the methods include a method for forming 

In the case where a thin film transistor is constituted a metal element layer or a layer including a metal element 
which is used in a liquid crystal electro-optical apparatus, it 65 by the CVD, the sputtering process, vapor deposition or the 

is demanded that the thin film transistor is formed on a like, and a method for coating a solution containing a metal 

translucent substrate. Examples of the translucent substrate element on the amorphous silicon film. In particular, since 
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the latter method using the latter solution enables easily 
controlling a density of the metal element, the latter method 
is more favorable than the former method. In addition, since 
the metal element can be held uniformly in contact with the 
surface of the amorphous silicon film in the latter method, 
the latter method is very favorable in this respect, too. For 
reference, when the aforementioned CVD and the sputtering 
process, vapor deposition or the like is used, it is difficult to 
form an extremely thin uniform film. Consequently, there is 
a problem in that the metal element is non-uniformly present 
on the amorphous silicon film, and the metal element is 
liable to be deviated at the time of the crystal growth. 

To crystallize by heating the silicon film to which the 
metal element promoting the crystallization of silicon is 
introduced, the silicon film may be heated at a temperature 
of 450° C. or more. The upper limit of this heating tem- 
perature is limited by the heat -resistant temperature of the 
glass substrate used as the substrate. In the case of the glass 
substrate, the heat resistant temperature can be regarded as 
the strain point of glass. When materials such as quartz 
substrate or the like which can endure a temperature of 
1000° C. or more, the heating temperature in beating can be 
heightened in accordance with the heat insulating tempera- 
ture. 

As one example of heat treatment, it is appropriate to set 
the temperature to about 550° C. from the viewpoint of the 
beat resistance and the productivity of the glass substrate. 

An amorphous silicon film used as the metal element 
diffusion film and formed on crystalline silicon film crys- 
tallized as a result of heat treatment may be formed by the 
general CVD process. For example, the same method as 
used for forming the crystalline silicon film by introducing 
the metal element into the amorphous silicon starting film 
and crystallizing the amorphous silicon starting film by 
heating is used. 

However, more preferably, the film may be of the quality 
such that a defect density is high and the metal element can 
be easily trapped. This is because the metal element in the 
crystalline silicon film can be easily dispersed in the metal 
element diffusion film comprising silicon. 

The defect density can be set to a high level by using such 
means as forming the film only of silane without using, 
hydrogen in accordance with the plasma CVD, using the 
sputtering method, or lowering the temperature at which the 
film is formed in accordance with the plasma CVD. 

It is more advantageous to increase the thickness of this 
amorphous silicon film with respect to the thickness of the 
crystalline silicon film. This is because when the amorphous 
silicon film is thicker than the crystalline silicon film, the 
volume ratio with respect to the crystalline silicon film can 
be increased, and more metal elements can be dispersed in 
the amorphous silicon film. 

A polycrystalline silicon film and an amorphous Si^Ge^ 
film (0<x<l) can be used as the metal element diffusion film. 
The polycrystalline silicon film can be formed by low 
pressure CVD. The amorphous Si x Ge^ film can be formed 
by plasma CVD using silane (SiH 4 ) and germane (GeHj as 
a raw material gas. 

The step of diffusing (absorbing) the metal element in the 
crystalline silicon film is carried out by beat treatment. Since 
the metal element in the crystalline silicon film is diffused 
into the metal element diffusion film by the heat treatment, 
the metal element concentration is lowered in the crystalline 
silicon film. 

Next, the metal element diffusion film into which the 
metal element has been diffused is removed. This removal 
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can be a selective etching of the metal element diffusion film 
by forming an oxide film as an etching stopper on the silicon 
film to be crystallized. 

Concrete constitution of this method is described using 
FIG. 1. First, a crystalline silicon film 105 is formed on a 
glass substrate 101 using nickel as a metal element which 
promotes crystallization of silicon. Reference numeral 102 
designates a base silicon oxide film. Heat treatment is used 
for the crystallization. (FIG. 1(B)) 

Next as shown in FIG. 1(Q, an oxide film 106 is formed, 
and an amorphous silicon film 107 is formed as the metal 
element diffusion film and heat treated. 

This heat treatment can be classified into two methods; 
one method is the one which is carried out at a temperature 
(generally, 450° C. or less) at which the amorphous silicon 
film is not crystallized while the other method is one which 
is carried out at a temperature (generally, 450° C. or more, 
and preferably 500° C. or more) at which the amorphous 
silicon film is crystallized. 

When the heat treatment is carried out at a temperature at 
which the amorphous silicon film 107 provided on the 
crystalline silicon film 105 is not crystallized, the tempera- 
ture of the heat treatment is 400° C. to 45CP C. and the 
heating duration is 5 minutes to 10 hours. The metal element 
in the crystalline silicon film is gradually absorbed into the 
amorphous silicon film 107 by this heat treatment. 
Consequently, when the heat treatment is carried out over a 
long period, the density of the metal element in the crystal- 
line silicon film 105 can be gradually decreased. 

By removing the amorphous silicon film 107 using the 
oxide film 106 as an etching stopper, a crystalline silicon 
film 108 containing a metal element at a low concentration 
therein as compared with the metal element concentration in 
the amorphous silicon film 107 can be obtained. (FIG. 1(D)) 
This is because the silicon atom is present in the amorphous 
silicon film 107 in the state that the silicon atom is liable to 
be connected with the metal element (in the amorphous 
state, a large quantity of unpaired bonds are present). 
Further, this action can be conspicuously obtained when the 
defect density is artificially increased in the amorphous 
silicon film 107. 

In the meantime, when the amorphous silicon film is 
heated at a temperature at which the crystallization of the 
amorphous silicon film 107 provided on the crystalline 
silicon film 105 proceeds, the dispersion of the metal ele- 
ment is ostensibly suspended in the state in which the 
amorphous silicon 107 is crystallized. Then when the aver- 
age value of the density of the metal element in the crys- 
talline silicon film 105 and the density of the metal element 
in the silicon film 107 for absorbing the metal element 
(crystallized in heat treatment) become approximately equal 
to each other, the dispersion of the metal element is osten- 
sibly suspended. 

However, it has been made clear that the metal element is 
locally concentrated in the crystalline silicon film 105. This 
method becomes effective for suppressing this phenomenon. 
Therefore, this is a method which is intended to produce a 
state in which no concentration of the metal element exists 
in the silicon film to be used in the fabrication of the device 
by using the phenomenon that the metal element is concen- 
trated on the tip part of the crystal growth to dispel the tip 
of the crystal growth to the silicon film to be removed later. 

Then, heat treatment is carried out at the temperature at 
which the amorphous silicon film 107 is crystallized to 
crystallize the amorphous silicon film 107. At this occasion, 
the crystal growth proceeds from a surface at which the 
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moves in the silicon film 107. As a wnsequence, a ^portion £ flto metal fflm which promotes the 

stopper (FIG. substrate 101 (having a strain point of 593° O, 

An amorphous silicon film is formed on the surface of the JJ*™" 102 > form | d to a thickness of 3000 A 

crystalline silicon film crystallized with the action of metal a sUic ronoxioe ^ oxide film 102 is intended to 

which promotes the crystallization, followed by heat tail- irnpU rities and alkaline ions from being dispersed 
ment to disperse the metal element into the amorphous 15. P^^^^ miD film from thc glass substrate 

silicon film. In this manner, the metal element in the amorphous silicon film 103 is formed to a 

crystalline silicon film can be virtually sucked out thereby ^ * A b ^ thc plasma CVD and the low pressure 

making it possible to obtain a crystalline silicon film having ™d« CVD Then, a nickel acetate solution which is 

a low density of metal element and having a crystalbnity. ™™ ^ ^ predetermined nickel density is dripped on the 

In addition, since all these steps can be earned out at a amorphous silicon film 103 to form a water film 104. Then, 
temperature such as 550° C or less which the glass substrate ^ S pinner 100 is used for spin coating to produce a state in 
can endure, the steps are extremely useful in the formation ^ ^ n;ckcl clcmcnt ^ hcld in contact with the surface 
of a crystalline thin film silicon semiconductor used for ^ ^ a hous silicon film i 0 3 (FIG. 1(A)). 
constructing a thin film transistor used in a liquid crystal Subs equently, the amorphous silicon film 103 is crystal- 
electro-optical device using, for example, a glass substrate. ^ ^ ^ trcatm6nt lo obta i n a crystalline silicon film 

To facilitate the removal of the silicon film for the ^ ^ faeal ^eatment can be carried out at a heating 

absorption of the metal element, it is effective to form an tem p era iure of 450° C. or more, or preferably, 500° C. or 

oxide' film on the crystalline silicon film. Since the oxide mQrc Howcvcft ^ consideration of heat resistance of the 

film has a selectivity with respect to an etcbant (for example, 3Q Us& SUDStralc ioi, preferably, the temperature is set to a 

hydradine and CIF3), the oxide film can serve as an etching stfam poinl of the glass substrate 101 or less. Incidentally, 

stopper. when the heat treatment is carried out at a temperature of 

Further, on a surface of the crystalline silicon film (first 500 0 C. or less, the heat treatment requires tens of hours or 
silicon film) crystallized with the action of the metal pro- more j^vs, the method is not practical, 
moting the crystallization, an amorphous silicon film 35 density of nickel in this crystalline silicon film 105 is 
(second silicon film) is formed. Thereafter, heat treatment is req uired to be set to lxl0 16 atom cnT 3 to 5x10* atom cm- 
carried out to crystallize the second layer amorphous silicon if possible. Consequently, it is necessary to adjust the nickel 
film with the result that the concentrated portion of the metal density in the crystalline silicon film 105 thus obtained to the 
element which is present in the first silicon film can be aforementioned range at the step shown in FIG. 1(A). 
dispelled into the second silicon film thereby suppressing the ^ j nc identally, the nickel density is defined as a minimum 
deviation of the metal element in the first silicon film. valuc measured by using the SIMS (secondary ion mass 

BRIEF DESCRIPTION OF THE DRAWINGS ^wS^stalhne silicon film 105 is obtained, a silicon 

FIGS. 1(A) to 1(D) are views showing a step of fabricat- Qxidc ^ m 105 formed on the surface of the film 105. The 

ing a crystalline silicon film. 45 thickness of the silicon oxide film 106 may be set to about 

FIG 2 is a view showing a density distribution of a nickel tens 0 f A to about 100 A. Such a thin film is formed because 

ekment " the nickel element in the crystalline silicon film is required 

FIG 3 is a view showing a density distribution of the to move via the silicon oxjcfe film 106. Here an e*nm«y 

• b 1 f^nt miD silicon oxid e film 106 is formed by the UV light 

nickel element. ^ fa ^ ^ ^ ^ 

FIG. 4 is a view snowing oen* y 106 is as thick as a natural oxide film, it has been made clear 

nickel element. . „ . fil 106 ^ an clc hing stopper in the 

FIGS. 5(A) to 5(D) are views showmg a step of fabneat- ™J^ a ^ clching of the amorphous silicon film 

ing a thin film transistor. (denoted by 107). Thus the thin film 106 may be as thick as 

FIGS. 6(A) to 6(D) are views snowing a step of fabneat- ^ aforementioned thickness. Here, the silicon oxide film 

ing a crystalline silicon film. 106 fe f orm ed by using the UV oxidation process, but the 

FIGS. 7(A) to 7(C) are views showing a step of fabricat- oxidc filffl may ^ f ormcd by the thermal oxidation 

ing a thin film transistor. process. 

FIGS. 8(A) to 8(C) are views showing a step of fabricat- ^ silicon 0 *ide film 106 serves as an etching stopper in 

ing a crystalline silicon film. ^ mc i a ter etching step, and thc silicon oxide film 106 can be 

FIGS. 9(A) to 9(Q are views showing a step of fabricat- used ^ long ^ j t provides a selectivity with respect to the 

ing a crystalline silicon film. crystalline silicon film 105. For example, in the place of the 

DETAILED DESCRIPTION OF THE silicon oxide film 106, an extremely thin silicon mtnde film 

PREFERRED EMBODIMENTS ^u^enUy, the amorphous silicon film 107 is formed to 

E t23Sii 1 relates to a technology of dispersing a a thickness of 600 A by the plasma CVD and low pressure 

nickel element into an amorphous silicon film from a CVD. 
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FIG. 2 shows a density distribution of the nickel element 
in the direction of the film thickness by using SIMS 
(secondary ion mass spectrometer). What is shown in FIG. 

2 is a distribution of the nickel element in the depth direction 
from the surface of the amorphous silicon film 107. As 
apparent in FIG. 2, it is made clear that the nickel element 
in the amorphous silicon film 107 is less than the measure- 
ment limit (here, in this case, 1x10j 7 atom cm" 3 ), and a 
maximum of about 5xl0 18 atom cm"* of the nickel element 
is present in the crystalline silicon film 105. 

Then the nickel element in the crystalline silicon film 105 
is dispersed in the amorphous silicon film 107 via an oxide 
film 106 by heat treatment. This step can be understood as 
a step of sucking out the nickel element in the crystalline 
silicon film 105 (FIG. 1(Q). 

This step of beat treatment is carried out at a temperature 
of from 400 to 450° C. at which the amorphous silicon film 
107 is not crystallized. In this embodiment, the heat treat- 
ment is carried out at 450° C. for two hours. When this heat 
treatment is carried out, the nickel element in the crystalline 
silicon film 105 is dispersed in the amorphous silicon film 
107 thereby making it possible to lower the density of the 
nickel element in the crystalline silicon film 105. 

Generally, when the thickness of the amorphous silicon 
film 107 is set to not less than the thickness of the crystalline 
silicon film 105, the density of the nickel element in the 
crystalline silicon film 105 can be set to a half or less by 
carrying out the aforementioned heat treatment. 

FIG. 3 shows a density distribution of the nickel element 
in the film thickness direction in a state in which the heat 
treatment is carried out for two hours. Data shown in FIG. 

3 is made with the same measurement method as data shown 
in FIG. 2. 

As is apparent in FIG. 3, nickel is dispersed in the 
amorphous silicon film 107. However, it can be seen in FIG. 
3 that the density of nickel is somewhat higher in the 
crystalline silicon film 105. From FIG. 3, it can be under- 
stood that the nickel element in the crystalline film 105 is 
absorbed in the amorphous silicon film 107 at the step of 
heat treatment shown in FIG. 1(C). 

FIG. 4 shows a density distribution of nickel in four hour 
heat treatment at 450° C. when two hour heat treatment is 
further carried out at 450° C. after data shown in FIG. 3 is 
obtained. (Finally, four hour treatment is carried out at 450° 
C.) As is apparent in a comparison between FIGS. 3 and 4, 
it can be seen that the nickel element in the crystalline 
silicon film 105 is gradually sucked into the amorphous 
silicon film 107. It is considered that a large amount of 
unpaired bonds and a large number of silicon atoms to which 
nickel can be easily bonded exist in the amorphous silicon 
film 107. Further, the nickel density in the crystalline silicon 
film 105 can be gradually lowered by carrying out a long 
hour heat treatment. Such an action is a feature that cannot 
be observed when the amorphous silicon film 107 is crys- 
tallized. 
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Subsequently, the silicon oxide film 106 is removed with 
buffer acid and fluorine nitride to obtain a crystalline silicon 
film 108 in which the density of the contained nickel element 
as shown in FIG. 1(D) can be lowered. The density of the 
nickel element in this crystalline silicon film 108 is, for 
example, about 3xl0* 8 atom cm" 3 . As apparent in the 
comparison with FIG. 2, this value means that the density of 
the nickel element can be lowered to a half (a half or less in 
average). 

In this embodiment, the thickness of the amorphous 
silicon film 107 which is formed on the crystalline silicon 
film 105 is set to the same thickness as the thickness of the 
crystalline silicon film 105. However, the density of the 
nickel element which is contained in the crystalline silicon 
film 108 which is finally obtained can be further lowered by 
increasing the thickness of the amorphous silicon film 107. 
That is, a larger amount of the nickel element can be sucked 
out into the amorphous silicon film 107 by increasing the 
volume of the amorphous silicon film 107 compared with 
the volume of the crystalline silicon film 105. 

With the adoption of the structure of this embodiment, the 
density of nickel in the crystalline silicon film 108 thus 
obtained can be set to 5xl0 18 O tom cm" 3 or less. 
Embodiment 2 

Embodiment 2 is characterized in that the step of heat 
treatment in the fabrication process in embodiment 1 is 
carried out by setting the conditions as follows; heating 
temperature is 550° C, and heating duration is four hours. 
When the beat treatment step shown in FIG* 1(G) is carried 
out at 550° C. for four hours, the amorphous silicon film 
denoted by 107 is crystallized with the action of the nickel 
element which is dispersed from the crystalline silicon film 
105. 

At this time, the crystallization advances in a direction of 
heading from the crystalline silicon film 105 to the amor- 
phous silicon film 107 via the oxide film 106. As described 
above, the metal element which promotes the crystallization 
of silicon tends to be concentrated at the tip portion of the 
crystal growth. Consequently, an area where the nickel 
element is concentrated exist in the crystallized silicon film 
107 (which is transformed into a crystalline film at this 
stage). Then naturally the density of nickel in the crystalline 
silicon film is decreased. 

Further, the nickel element deviated area which is present 
on the surface of the crystalline silicon film 105 moves 
together with the tip portion of the crystal growth along with 
the advancement of the progress of the crystallization of the 
amorphous silicon film 107. That is, the nickel element 
deviated area will be present in the silicon film 107 (which 
is here designated as a crystallized state) after the termina- 
tion of the crystallization. Consequently, the nickel element 
deviated area on the surface of the crystalline silicon film 
105 can be eliminated. 

In the case where the amorphous silicon film 107 has been 
crystallized in this manner, it is feared whether or not this 



Then, the amorphous silicon film 107 is removed by 55 crystallized silicon film can be selectively removed. Since 

etching.' Here, as an etchant of the amorphous silicon film the silicon oxide film 106 is formed which serves as an 

107, hydradine (N 2 H e ) is used. When hydradine is used as etching stopper, only the silicon film denoted by 107 

an etchant, the amorphous silicon film 107 has a faster (crystallized in this case crystallized) can be selectively 

etching rate than the crystalline silicon film 105. Further, in removed. In other words, when etching is carried out using 

the present embodiment, an oxide silicon film 106 which 60 hydradine and C1F 3 gas, the etching rate of oxide film 



cannot be etched with hydradine (the etching rate is 
extremely low, and in a relative viewpoint, it can be regarded 
that etching cannot be performed) is formed on the crystal- 
line silicon film as an etching stopper. Therefore, only the 
amorphous silicon film 107 which has sucked out nickel can 
be selectively removed. Incidentally, dry etching may be 
used for etching the amorphous silicon film 107. 
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denoted by reference numeral 106 is extremely small com- 
pared with the etching rate of the silicon film denoted by 
reference numeral 107. Thus the etching is suspended when 
the etching of the silicon film 107 is ended. 

When the structure shown in embodiment 2 is adopted, 
the beat treatment step shown in FIG. 1(C) can be performed 
under the same condition as the heal treatment as FIG. 1(B). 
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Embodiment 3 

Embodiment 3 shows an example of fabricating a tbin 
film transistor by using the crystalline silicon film which is 
obtained by the method for fabricating the silicon film 
shown in embodiments 1 and 2. Referring to FIG. 5, there 
is shown a method for fabricating the Ihin film transistor. In 
the beginning, a crystalline silicon film 503 is formed on the 
glass substrate 501 on which a base film 502 is formed by 



surface of the amorphous silicon film 603 via an oxide film 
(not shown) in an area denoted by reference numeral 605. 

Then, the resist mask 604 is removed. Then the amor- 
phous silicon film 603 is heat treated to be crystallized. Here, 
in the area designated by reference numeral 605, the nickel 
element is dispersed from a state in which the nickel element 
is held in contact with the amorphous silicon film 603 via the 
oxide film (not shown) into the amorphous silicon film via 
the oxide film (not shown). Then, as denoted by an arrow 



using a method shown in embodiments 1 and 2 . (FIG. 5(A)) ^ , ^ n £ eds m ' a difCClion M to the 

Subsequently, the crystalline silicon film 503 thus obtained 10 substratc , ^ tal &ov/ih advances in a column-like or 



is patterned to form an active layer of the thin film transistor 
as shown by reference numeral 504. Then a silicon oxide 
film 505 is formed to a thickness of 1000 A which functions 
as a gate insulating film by the plasma CVD and the low 
pressure thermal CVD. (FIG. 5(B)) 

Then an aluminum film containing scandium is formed to 
a thickness of 6000 A followed by patterning the film to 
form a gate electrode denoted by reference numeral 506. 
Further, in the electrolyte, anodic oxidation is carried out by 



15 



a needle-like configuration. In embodiment 4, since the area 
denoted by reference numeral 605 has a slit-like configura- 
tion with a longitudinal direction from the surface of the 
paper shown in FIG. 6(A) to the rear surface of FIG. 6(A). 
The crystal growth as shown by the arrow 607 advances 
approximately in one direction. This crystal growth can be 
carried out over tens of ^ra to 100 fm\ or more. (FIG. 6(B)) 
In this manner, the crystalline silicon film 608 is obtained 
as shown in FIG. 6(Q. Then, the oxide film 609 is formed 



using the gate electrode 506 as an anode to form an oxide 20 to have a thickness of 50 A by the thermal oxidization 
layer 507. The thickness of the oxide layer 507 is set to 2000 method. Moreover, an amorphous silicon film 610 having a 
A. It is possible to form an offset gate area to a thickness of thickness of 1000 A is formed by the plasma CVD or the low 
this oxide layer 507 at the subsequent step (FIG. 5(Q). pressure thermal CVD. 

Then, impurity ions are doped into the active layer 504. Then, the heat treatment is carried out at 450° C. for two 

Here, phosphorus ions are doped as an impurity ion. At this 25 hours, and causes the nickel element in the crystalline silicon 
step, phosphorus ions are doped into an area denoted by film 608 to be dispersed in the amorphous silicon film 610 
reference numerals 508 and 511. The area denoted by via an oxide film 609. The amorphous silicon film 610 is 
reference numerals 508 and 511 constitute a source area and etched with C1F 3 gas, and then the oxide film 609 is removed 
a drain area. Further, an area denoted by reference numeral with buffer fluoric acid. Thus the crystalline silicon film 611 
509 constitutes an offset area. Further, the area denoted by 30 having a lowered nickel density as shown in FIG. 6(D) can 
reference numeral 510 constitutes a channel-formation area. be obtained. This crystalline silicon film 611 is characterized 
After the completion of the impurity ion doping, the in that the crystalline silicon film 611 has an area which is 
silicon film is irradiated with laser light to activate the doped crystal grown in a direction parallel to the substrate as 
ions and to anneal the source and drain areas 508 and 511 denoted by reference numeral 607 and, further, the nickel 
that has been damaged at the time of ion doping. (FIG. 5(C)) 35 density is low. 

Subsequently, a silicon oxide film 512 is formed as an An experiment has made clear that somewhat large 
interlayer iasulating film and then a contact hole is formed amount of nickel which is introduced into the area shown by 
to form a source electrode 513 and a drain electrode 514 by reference numeral 605 can have a longer distance of crystal 
using aluminum. Further, a thin film transistor is completed growth in a direction parallel to the substrate (which is 
by heat treatment in the hydrogen atmosphere of 350° C. 40 referred to a longitudinal direction growth). However, in the 
(FIG. 5(D)). meantime, a larger amount of the introduced nickel element 

Embodiment 4 can be a factor of heightening the nickel element concen- 

Embodimcnt 4 relates to a technology for obtaining a tration in the silicon film. Therefore the large amount of 
crystalline silicon film which has crystal grown in a direc- introduced nickel is not favorable. This is because when the 
tion parallel to the substrate and then lowering the density of 45 nickel density in the film is increased (5xl0 19 atom cm" 3 or 



nickel in this crystalline silicon film by selectively introduc- 
ing nickel which is a metal element that promotes the 
crystallization of silicon. 

In the beginning, a silicon oxide film is formed to have a 
thickness of 3000 A as a base film on the glass substrate 601 
by the sputtering method. Subsequently, the amorphous 
silicon film 603 is formed to have a thickness of 500 A by 
the plasma CVD or the low pressure thermal CVD. 
Subsequently, the amorphous silicon film is irradiated 



more in the experiment), a problem becomes apparent in that 
the characteristic of the silicon film is deteriorated or the 
operation of thin film transistors becomes unstable and the 
deterioration of characteristic becomes drastic. 
50 However, as shown in Embodiment 4, the present inven- 
tion can meet the following two demands at the same time 
by removing the nickel element after the completion of 
crystallization; a demand that the distance of crystal growth 
in the longitudinal direction be prolonged in the horizontal 



with UV light in the atmosphere of oxygen to form an 55 direction, and a demand that the nickel density (density of 
extremely thin oxide film (not shown) on the surface of the 
amorphous silicon film 603. This oxide film is intended to 
improve the moisture characteristics of the solution at the 
subsequent step of coating the solution. 

Then, a resist is used to form a mask 604. The area 605 60 
exposed by the resist mask 604 has a slit-like configuration 
with a longitudinal direction from the surface side of the 
paper shown in FIG. 6(A) to the rear surface of FIG. 6(A). 

Then, a nickel acetate solution containing a predeter- 
mined density of nickel is dripped to form a water film 606. 65 

Further, a spinner 600 is used for spin coating to produce 
a slate in which the nickel element is held in contact with the 



metal element) in the obtained crystalline silicon film 611 be 
lowered as much as possible. 
Embodiment 5 

Embodiment 5 shows an example in which a crystalline 
silicon film obtained in embodiment 4 is used to constitute 
a thin film transistor. FIG. 7 shows a fabrication step in 
embodiment 5. In the beginning, a crystalline silicon film as 
shown by reference numeral 611 in FIG. 6(D) has an area 
which has crystal grown in a direction parallel to the 
substrate. 

. Subsequently, as shown in FIG. 7(A), an active layer 703 
of the thin film transistor is formed by patterning the 
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crystalline silicon film. In FIG. 7(A), reference numeral 701 
denotes a glass substrate while reference numeral 702 
denotes a silicon oxide film as the base film. 

Here, it is important that the beginning and the end of the 
crystal growth in the crystal growth shown in FIG. 6(B) do 5 
not exist in the active layer 703. This is because a high 
density of nickel is contained in the beginning and the end 
of the crystal growth. 

Further, a silicon oxide film 704 is formed which func- 
tions as a gate insulating film to a thickness of 1000 A by the 10 
plasma CVD. (FIG., 7(A)) 

Subsequently, a film which primarily comprises alumi- 
num is formed followed by patterning the film to form a gate 
electrode 705. Then, an oxide layer 706 is formed by anodic 
oxidation in the electrolyte using the gate electrode 705 as 15 
an anode. An offset gate area can be formed by the impurity 
ion doping to a thickness of the oxide layer 706 at the 
subsequent step of impurity ion doping. (FIG. 7(B)). 

Then, as an impurity ion, phosphorus ions are doped. At 
this step, a source area 707 and a drain area 710 are formed. 20 
Further, an offset gate area 708 and a channel formation area 
709 are formed. After the impurity ion doping is completed, 
the source and the drain areas 707 and 710 are formed by 
irradiating a laser light or an intense light to activate the 
source and the drain areas 707 and 710. 25 

Then, the silicon oxide film 711 which constitutes an 
interlayer insulating film is formed to a thickness of 6000 A 
by plasma CVD. Then, after a contact hole is formed, the 
source electrode 712 and the drain electrode 713 are formed. 
Thus, a thin film transistor is completed. 30 
Embodiment 6 

Embodiment 6 is characterized in that heat treatment is 
carried out again after the step of fabricating the crystalline 
silicon film according to embodiment 1 shown in FIG. 1. 
When beat treatment is carried out at step shown in FIG. 35 
1(C), nickel (metal element) in the crystalline silicon film 
105 is gradually absorbed into the amorphous silicon film 
107 as shown in FIG. 4. At this time, the density of nickel 
in the vicinity of the surface of the crystalline silicon film 
105 becomes higher than the nickel density in the vicinity of 40 
the interface of the silicon oxide film 102 on the lower 
surface of the crystalline silicon film 105. This means that 
nickel in the crystalline silicon film 105 is sucked out into 
the amorphous silicon film 107 with the result that nickel 
element is deviated to the surface side of the crystalline 45 

silicon film 105. 

Consequently, in the case where a thin film transistor is 
fabricated by using a crystalline silicon film 108 which is 
formed on a glass plate 101 as shown in FIG. 1(D), carriers 
are to be conducted on the surface of the crystalline silicon 50 
film 108. It is not preferable that a high density of nickel 
exists in an area where carriers are conducted. 

Then, in embodiment 6, after a state shown in FIG. 1(D) 
is obtained, heat treatment is conducted so that nickel is 
dispersed again in the crystalline silicon film 108. In the heat 55 
treatment discussed here, nickel may be dispersed. 
Therefore, the temperature may be set to 400° C. or more. 
Further, the upper limit of the temperature is limited by the 
heat resistance of the glass substrate 101. Consequently, the 
heating temperature used in embodiment 6 is 400° C. or 60 
more, and the temperature may be less than the strain point 
of the glass substrate. 

Details of embodiment 6 will be explained in detail by 
using FIG. 8. In the beginning, after passing through the 
fabrication step shown in FIG. 1, a state shown in FIG. 1(D) 65 
will be obtained. The state in FIG. 1(D) is described in FIG. 
8 (A). FIG. 8(A) shows a layer 802 (on the surface side) in 



which nickel is segregated and a high density of nickel is 
contained, and a layer 801 in which nickel is contained with 
a density lower than that of the layer side denoted by 
reference numeral 802. These layers 801 and 802 constitute 
a crystalline silicon film 108 (see FIG. 1(D)) formed on the 
glass substrate 101 via a base film 102. 

In a state shown in FIG. 8(A), the crystalline silicon film 
is heat treated. Here the film is subjected to two hour heat 
treatment at 500° C. Consequently, the nickel element in an 
area denoted by reference numeral 802 is dispersed into an 
area denoted by reference numeral 801 where the nickel 
element is present at a low density. In this manner, this area 
802 can be in a state in which no segregation of nickel is 
present. Then, the crystalline silicon film 803 can be 
obtained where the nickel density on the surface can be 
lowered. (FIG. 8(Q) 
Embodiment 7 

Embodiment 7 is an example in which laser light is 
irradiated in place of heat treatment at the step of crystalli- 
zation in the structure shown in embodiment 1. The step of 
fabricating embodiment 7 is shown in FIG. 9. In the case of 
Embodiment 7, a layer denoted by reference numeral 802 
comprising a crystalline silicon film where nickel is present 
at a high density in the surface of the crystalline silicon film, 
and a layer 801 comprising a crystalline silicon film in which 
the nickel element is present at a low density are obtained. 
(FIG. 9(A)) 

Next, a laser light is irradiated to disperse the nickel 
element from the layer 802 to the layer 801. (FIG. 9(B)) 
Then, a crystalline silicon film 901 is obtained which has a 
state in which nickel is uniformly dispersed in the film. (FIG. 

9(Q) 

Embodiment 8 

Embodiment 8 is characterized in that an amorphous 
silicon film 107 shown in FIG. 1(C) is formed in a state in 
which the defect density is artificially high at the step shown 
in embodiment 1. At step shown in embodiment 1, the 
crystalline silicon film 105 contains an average of about 
3xl0 18 atom cm"" 3 of the nickel element as shown in FIG. 2. 
Then, embodiment 7 is characterized by heightening the 
removing capabilities of the nickel element by setting the 
defect density in the amorphous silicon film 107 at least to 
a level more than the aforementioned density of the nickel 
element. 

The defect density in the amorphous silicon film 107 can 
be estimated by measuring the spin density. In addition, to 
artificially form defects, the sputtering method, plasma CVD 
at low temperature may be used. Otherwise the plasma CVD 
or low pressure thermal CVD using only silanc and disilane 
may be used without using hydrogen for neutralizing 
unpaired bonds. 

When the defect density of the amorphous silicon film 17 
is set to a high level, the removing capabilities of nickel 
element can be further enlarged. Then the effect shown in 
FIGS. 3 and 4 can be made large. 
Embodiment 9 

In this embodiment, a polycrystalline silicon film is used 
as a nickel element diffusion film for absorbing nickel 
element thereinto. 

A process for fabricating a crystalline silicon film in 
accordance with this embodiment is described with refer- 
ence to FIG. 1. First, a silicon oxide film 102 is formed as 
a base film to a thickness of 3000 A on Corning 7059 glass 
substrate 101 (having a strain point 593° C). 

Next, an amorphous silicon film 103 is formed to a 
thickness of 600 A by plasma CVD or low pressure thermal 
CVD. Nickel acetate solution adjusted to a prescribed nickel 



